
yt,^n*PcDtide 

DcscriptkNi: 

. Synthcdc 1013 Dalion ocupcpddc: 

for competitive displacement of iimno- 
temuiul. Mcttmino-ienninil ot 
cMboxy^cimiiul FLAG fusion prolans 
fioin the Ano-FUAG M2 Monoclonal 
Antibody in solution or bound to 
agarose on the Anti-FLAG M2 Affimiy 
Gel. 



rnlnl^^g Numbers SiZ£ 
IB 13070 4mg 
8230575 25mg 



Stormgc and HnndUng: 

. Store lyophiUiied powder desiccated « 
44-C until leady for use. Dissolve u 0.8 ml 
TBS (lOmM Tris-Ha and 150 mM NaO ai 
a 5nal pH of 7.4) imrocdiaiely before use. 
Aliquot and store the unused peptide at 
-20'C. Do not repeatedly freeze-thaw. 

Quality Aaunncc 

Fuhry: >95% by Reverse Phase HPLC 

Amino acid composition: As expected 

Mass: mg FLAG peptide dctcnnined^ 
Absorption ai 274.8nm of TVr (E =1.405 x 
|0*'of FLAG octapcpiidc- 

Comp^ntive Displacement: _ 
25 Ooiumn EquivaJcnU of FLAG pepode are 
suf^cient to dute >90% of FU^G-BAP^^ 
protein from a 1ml Anti*FLAG M2 Affimty 
Gel loaded to capacity in 5x2 ml ftacuons 
each containing 5 Column Equivalentt. 

I Column Equivalent is defined as the number 

of nmol of FLAG peptide 

both antigen binding sites of all Anti-FLAG 

M2 Monoclonal Antibody bound to the 

Anii^FLAG M2 Affinity Gel. 

To calculate column equivalents of FLAG 
pcpdde use the following equation: 
1 Column Equivalent s 

SSTHAb 10»««MAb »olMAb oolFl>Cpcpo« 

=rog MAb X 12.5 nmol FLAG peptide 

EASTMAN KODAK COMPANY 
Scientific Imaging Systems 
4 Science Park, New Haven, CT 06:>li 



CERTIFIED 



Items FLAG Peptide 
CBt«s IB13070 
Lott: 800322 



=mg Anti-FLAG M2 Monoclonal 
Antibody attached to the Affinuy Gel. 

MW MAb = molecular weight of 
X^ti.Fl>GM2MAb=l60,(W 

For AddlUonal Information or to 
pUcc an Order 

Please call Kodak Scientific Imaging 
Systems at (800) 225-5352or 
(716) 722-5813 if caUing ftom outside off 
the U S. 
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Chapter 1 



Protein expression, detection and 
purification systems 
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Protein expression, detection and purification systems 



IBl Flag* System 




RmnVieio Of Bacterial Alkaline Phosphatase' 

The FLAC Epitope was placed at the amino-terminus of Baderkl Alkaline Phosphatase (BAP) by substituting it for the first four amino acids of 
the native sequence In this ribbon stereo view of one subunit of the BAP homodimer the location of the amino-terminal FLAG substitution is marked 
by the checkered FLAG at the upper right of the view. FLAG»BAP is the model fusion protein used for new product development. It serves as a posi- 
tive control in all FLAG Expression Kits. . , ,r- 

Coordinates for BAP were kindly provided by Hal Wcykoff, Department of Molecular Biophysics and Biochemistry, Yale University and the 
ribbon drawing was generated by ]ohn Spurlino at the Molecular Structure Center at Sterling-Winthrop Company. 

n)EumctE.KimcndHaroUW.W!/ii4, FtMlion Mcdumism of Alkaline Phosphntiise Based on Cnplal SIruclures: Tm Melal Ion Catalysis. IM. Bit) 278: 449-464(1991) ■ 



FOR TECHNICAL SUPPORT, CALL (800) 243-2555 or (203) ?86-5600 
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Protein expression, detection and purification systems 



^fl- System 



The IBI FLAG system is based on the 
fusion of an eight amino acid FLAG 
marker peptide to a cloned protein. 
(FIGURED. Fusion occurs by cloning 
the 24 base pair FLAG coding sequence 
adjacent to the appropriate protein 
coding sequence for expression by an 
animal, yeast, insect or E. coli FLAG 
expression vector. The FLAG peptide is 
recognized by the AntifFLAG Ml and 
M2 Monoclonal Antibodies. An 
Anti'FLAG monoclonal antibody can be 
used for the immunological detection of 
the FLAG fusion protein in a wide vari- 
ety of applications. The FLAG fusion 
protein is purified using an Anti«FLAG 
Ml or M2 Affinity Gel. Enterokinase is 
used to proteolytically remove the FLAG 
peptide from the FLAG fusion protein. 



Benefits 

The FLAG marker peptide has several 
features which make it useful for the 
affinity purification and immunological 
detection of recombinant FLAG hision 
proteins: 

• Efficient: Development of a 
specialized scheme or functional assay is 
not required to purify the protein. 
Antibodies do not have to be raised 
against the protein. 

• Versatile: Amino-terminal or 
carboxy-terminal FLAG fusion proteins 
can be expressed in E. coli, yeast, insect or 
animal cells. 



Figure 1: 
FLAG Marker Peptide 



Enterokinase Cleavage 



8 Amino Acid Ml or M2 MAb Binding Site 




The eight amino acid FLAG peptide is encoded by a 24 base DNA sequence. All eight amino acids are 
required for binding of the Anti^FLAG Ml or M2 Monoclonal Antibody (MAb). The enterokinase recogni- 
tion site corresponds to the carboxy-terminal five amino acid sequence: Asp*Asp*Asp*Asp*Lys. 



• Minimal effect on protein function: 
The small octapeptide has minimal effect 
on the conformation of the native protein. 

• Ease of detection: The eight amino 
add sequence has a high surface proba- 
bility. A surface location maxinuzes its 
accessibility to the Anti»FLAG Ml and 
M2 Monoclonal Antibodies. 

• Mild purification: Rapid affinity 
purification of FLAG fusion proteins with 
tiie Anti«FLAG Ml or M2 Affinity Gel 
employs nnild conditions for recovery of a 
biologically active protein. 

• Multiple applications: Useful for 
further study of protein •protein interac- 
tions, protein»DNA interactions, protein 
surveillance and ultrastructure. 

• Ease of removal: Contains the rare, 
five anuno add recognition sequence for 
enterokinase. This enables recovery of an 
intact protein following its proteolytic 
removal. 

Applications: 

The FLAG System has been employed 
for the affinity purification and immuno- 
logical detection of FLAG fusion proteins 
in E. coli, yeast, insect and animal ceUs. 
(TABLED. 



TABLE 1: 
Applications of FLAG Technology 





E.coli 


Yeast 


Insect 


Animal 


Western Blot 


1,2,4,11, 13,14,17,18 


1,2 




9, 12 


Dot Blot 


1,2 








Slot Blot 










Immunoprecipitation 


1. 






8,9,10,15,16,19 


ELISA 


1.2,20 


1,2 






Light Microscopy 








2,15 


Fluorescence Microscopy 






22 


4,5,6,15,16 


Electron Microscopy 








21 


FACS 








4.6.23 


Biosensor 


24 








Gel Retardation 








6-9 


AfTinity Purincation 


1,2,3,4.1 1,13,24 


»»2 




3.4,5 



Numbered journal references are listed on 
page 1-14 and 1-15. 



TO PLACE AN ORDER, CONTACT YOUR LOCAL DISTRIBUTOR, OR CALL (800) 225-5352 or (716) 588-2572 FOR ORDERING INFORMATION 



Protein expression, detection and purification systems 



Fug* System 



The Anti^RAG Ml and M2 Mono- 
clonal Antibodies have been used in 
several immunological detection proce- 
diu-es. These include immuno-blotting 
(FIGURE 2); immunoprecipitation and 
immuno-coprecipitation (FIGURE 3); 
EUSA (enzyme linked immunosorbent 
assay). (HGURE 4); light microscopy 
(HGURE5); 



HGURE 2: 
Western Blot 



FIGURE 3a: 
Immunoprecipita Hon 



C-teminal Single Chain Antibody with Anti»FLAG M2 Monoclonal Antibodf 

HGURE 3h: 
Immuno-coprecipitation 



medium - v im 
■jig MAb : 



1 
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Titration of Met •FLAG Apolipoprotein B 
with Ant/ 'PMC M2 Monoclonal Antibody^' 

HGURE 4: 
EUSA 



Interaction ofRXRaand Thyroid Hormone Receptor a using the 
Anti*FlAG M2 Monoclonal Antibody 

HGURE 5: 
Light Microscopy 




Calcium Dependent Binding of Anti*FLAG Ml 
Monoclonal Antibody to FLAG^CSF' '"^ 



Detection of Signal Peptidase in COS Cells with the Anti*FLAG M2 
Monoclonal Antibody^^ 



FOR TECHNICAL SUPPORT, CALL (800) 243-2555 or (203) 786.5600 



Protein expression, detection and purification systems 



Fluorescence micrbscopy (FIGURE 6); 
FACS (fluorescence activated cell sorting) 
(RGURE 7).and gel retardation /mobility 
shift (HGURE 8), electron microscopy 



and biosensor, Anti« FLAG Ml and M2 
Affinity Gels have been employed for the 
purification of several FLAG fusion pro- 
teins. (FIGURE 9). 



HGURES: 
Fluorescence Microscopy 



FIGURE?: 
FACS 




Detection ofCFTR Channel Protein with the Anti*FLAG M2 Monoclonal Antibody " 
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Log Fluorescence 
(b) Anti*FLAG NU Monoclonal Antibody / FTTC 
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Detection of Anaphylatoxin Receptor xvith the 
Anti*FLAGM2 Monoclonal Antibody*^'' 



FIGURE 8: 
Gel Retardation 



FIGURE 9: 
Affinity Purification 




mm. 



p50 

Crude Flow Through 
Extract 12 3 



Elution 
2 3 



FT MW 
2 Std 



Interaction ofRetinoic Acid Receptor with 

Auxiliary Receptor Protein using the 
Anti^FLAG Ml Monoclonal Antibody " 




46 kD 



Purification of FLAG*BAP Fusion Protein with Anti»FLAG M2 Affinity Gel 
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TO PLACE AN ORDER, CONTACT YOUR LOCAL DISTRIBUTOR, OR CALL (800) 225-5352 or (]16) 588-2572 FOR ORDERING INFORMATION 



Protein expression, detection and purification systems 



FUGProdugts 



A range of products are offered for the expression, immunological detection and affinity purification of FLAG fusion proteins, 

FUG Expression Vectors: 

A family of expression vectors is offered 
for regulated expression of amino-lermi- 
nal carboxy-terminal or FLAG-Shift 
fusion proteins in E. coh*. 



Storage and Stability: 

SuppUed in: 1 mM Tris-HCl 0.1 mM 

EDTAatpHS.O 

Storage: Short term {<2 weeks) +4*'C 

^ Long term {^2 weeks) -70«C 

Stability: ^Y^^^ 

An ORF (open reading frame) can be 
cloned into an amino-terminal (HGURE 
10a) or carboxy-terminal (HGURE 10b) 
FLAG Expression Vector if the phase 
of the reading frame is known and/or 
the amino-terminus of the FLAG fusion 
protein must be precisely defined. 
Expression is possible using the 
FLAG^Shift (FIGURE lOc) Expression 
Vectors^' if the amino-terminus need not 
or cannot be precisely defined and /or the 
phase is unknown. FLAG»Sluft 
Expression Vectors contain a "shift" 
sequence that allows expression of an ORF 
without regard to the reading frame m 
which it was initiaUy cloned. The shift 
sequence consists of a string of 12 
thymidines which causes translational 
frameshifting^'^ and results in the synthe- 
sis of FLAG hision proteins in aU three 
reading frames. The result is a FLAG 
hjsion protein containing the amino add 
sequence of the correctly phased ORF. 




For Carboxy 'Terminal Fusion: 
pFLAG*CTC Expression Vector 
pFLAG»CTS Expression Vector 



IB13060 
IB13061 



10 ug 
10 ug 



115.00 
115.00 




Each of the amino-terminal carboxy- 
terminal or FLAG -Shift Expression 
Vectors are offered as pairs. Selection of 
one member of the vector pair depends 
on whether cytoplasmic or periplasmic 
expression of a FLAG fusion protein is 
desired. One member of each pair 
encodes the OmpA signal peptide for 
periplasmic expression of a FLAG fusion 
protein. The second member lacks the 
OmpA coding sequence and results in 
cytoplasmic expression of a FLAG fusion 
protein. All vectors share similar multi- 
ple cloning sites (MCS) which allow 
transfer of an ORF between each member 
of the FLAG Expression Vector family. 



This feature allows transfer of an ORF 
with little or no manipulation prior to 
cloning. Expression vectors offered in 
kits contain an MCS with restriction sites 
represented in each of the three reading 
frames! Restriction enzyme digestion of a 
site within each MCS can yield 5', 3' or 
blunt ends. ThepFLAGM and pFLAG»2 
Expression Vectors, which are only avail- 
able separately, share an identical MCS, 
but all sites are in the same phase. 
Restriction enzyme digestion of any site 
within the MCS of these vectors yields a 
four base, 5' overhang. 



FOR TECHNICAL SUPPORT, CALL (800) 243-2555 or (203) 786-5600 
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Protein expression, detection and purification systems 




FIGUREIO: 

FLAG Components for ImmunO'Affinity Purification 
and Detection of FLAG Fusion Proteins 



I ii l| II i 

.3 ti n fl u £ 
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(a) Amlno-Termlnal Fusion 




pFLAG • MAC 



RtgI 



(b) OrtKwy.Tennlnal Ftask» 



pFLAG • CTS 

ilis Ms-i^^- 

[aTGI VmmH tFLAGl 



(C) FLAG'Shlft Fusion IaTGI 



iFLAGi I Shi fill 



pFLAC • CTC 

^1 el S-i^ 



{ATC l iF^i^i Shift n I 




pFLAG •Shift I 



(d) Vector Backbone 




• N>U M10«l MlMAh 



3391 C • 



f'it MSOcI M3MAk 



C*34 M3 Ocl MI MAb 



C>» Ml 0<l Ml MAfc 



3< 

^ 



11 



(e) 



3133 N 



i i 



N<16 Ml Ccl Ml MAb 



^2 



JB/ E. coU FLAG Expression Vectors differ in the 
expanded regions shown above: (10a): Amino-ter- 
minal FLAG fusion proteins are expressed in the 
periplasm by cloning and phasing an open reading 
frame (ORF) into pFLAG •ATS or pFLAG •! . 
pFLAG*MAC or pFLAG*2 are used for cytoplas- 
mic expression, (lOb): Carboxy-terminal FLAG 
fusion proteins are expressed into the periplasm by 
cloning an ORF into pFLAG^CFS. An ORF is 
cloned into pFLAG*CTCfor expression within the 
cytoplasm. (lOc): An ORF of unknown reading 
frame can be expressed in the periplasm by cloning 



into pFLAG •Shift 22- The ORF is cloned into 
pFLAG •Shift i2c* for expression within the cyto- 
plasm, IB! E, coli Expression Vectors share a com- 
mon backbone (lOd) which includes: (i) tac pro- 
moter for controlled, high level expression of FLAG 
fusion proteins by de-repression with IPTG; (ii) 
Shine-Dalgamo ribosome binding site; (iii) trans- 
lational stop codons; (iv) rmB tandem transcrip- 
tional terminators; (v) ampicillin resistance gene 
for plasmid selection; (vi) colEl double stranded 
origin of replication; (vii) fl •ori single stranded 
origin of replication via super-infection with the 



MJSKO? Helper Phage and (ix) lad repressor 
gene for repression of the lac promoter. De-repres- 
sion of lad is with IPTG. (lOe): Table lists FLAG 
system components that are recommended for han- 
dling of FLAG fusion proteins expressed by each of 
the IBl E. coli FLAG Expression Vectors, 
Abbreviations and symbols: •, yes; Met, 
Met •amino-terminal FLAG fusion protein; N, 
amino-terminal FLAG fusion protein; C, carboxy- 
terminal FLAG fusion protein; MAb, monoclonal 
antibody. 
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TO PLACE AN ORDER, CONTACT YOUR LOCAL DISTRIBUTOR, OR CALL (800) 225-5352 or (716) 588-2572 FOR ORDERING INFORMATION 



Protein expression, detection and purification systems 



Product 



ORDERING INFORMATION 



Catalog # 



RAG Products 

Sequencing Primers: 

The FLAG sequencing primers are use- 
ful for DNA sequence determination of 
FLAG fusion junctions of coding 
sequences cloned into TBI E. coU FLAG 
Expression Vectors. 

Storage and Stability: 

Supplied in: lOniMTris-HCl 

l.OmMEDTAatpHS.O 

Storage: • ;20"^ 

Stability: • ^V^^' 

* The GemAmp PGR process is covered by U.S. Patents aimed by Hoffman-lMRoche Inc. and Hoffmnn-LiRoche Ltd. 




Quantity 



Price 




The N»26 primer is designed for DNA 
sequencing of amino-terminal FLAG 
fusion junctions. 

The C»24 primer is designed for DNA 
sequencing of carboxy-terminal FLAG 
fusion junctions. 



Both primers are sufficiently ther- 
mostable for PGR* cloning. 



Anti^FlAG Monoclonal 
Antibodies: 

The Anti»FLAG Monoclonal 
Antibodies are usehil for the immunolog- 
ical detection of FLAG fusion proteins in 
a variety of applications. 

Anti^FLAG Ml Monoclonal Antibody 

The Anti'FLAG Ml (IgG2b) 
Monoclonal Antibody binds the FLAG 
peptide only when it is located at the free 
amino-terminus of a FLAG fusion pro- 
tein. (RGURE 11). TheAnti^FLAGMl 
Monoclonal Antibody binds the FLAG 
peptide in the presence of calcium, but 
disassociates in its absence'. This proper- 
ty is convenient for the affinity purifica- 
tion of FLAG fusion proteins. 

Anti^FlAG M2 Monoclonal Antibody 

The Anti*RAG M2 Monoclonal 
Antibody can bind an available FLAG 
peptide whether it is located at the free 
anuno terminus, Met •amino-terminus, 
internal site or carboxy-terminus of a 
FLAG hision protein. (FIGURE 11). 
The Anti-FLAG M2 (IgGi) Monoclonal 
Antibody does not bind to the FLAG 



ORDERING INFORWIATION 



Product 




Anti«FLAG M2 Monoclonal Antibody 




peptide in a calcium dependent manner. 
It is disassociated from the FLAG fusion 
protein by competitive binding with 
FLAG peptide^. Anuno-terminal, Met- 
amino-terminal and carboxy-terminal 
FLAG fusion proteins can be purified 
using affinity chromatography by elution 
with FLAG peptide. 

Storage and Stability: 

Supplied in:..... PBS/ A (137 mM 

Sodium Chloride, 
mM Potassium Chloride, 
1 0 mM Phosphate buffer salts 
at pH 7.4 in 0.2 % azide) 

Storage: Short Term (< 1 week) +4°C 

Long Term (> 1 week) -20°C 
Stability: ! 1 year 



nGUREll: 
Binding ofAnti»FLAG Ml and M2 Monoclonal 
Antibodies to the FLAG Peptide 



FLAG Fusion Protein 



I AMM-IMM) PLAO M» IW* 



MAb Binding 
Ml M2 




The Anti*FLAG Ml Monoclonal Antibody can 
bind to the eight amino acid FLAG peptide only 
when it is located at the free amino terminus of a 
FLAG fusion protein. The Anti»FLAG Ml 
Monoclonal Antibody can bind an available FLAG 
peptide at any location. 



FOR TECHNICAL SUPPORT, CALL (.800) 243-2555 or (203) I86-56O0 
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Anti'FLAG Affinity Gek 

The Anti* FLAG Affinity Gels are use- 
ful for the affinity purification of FLAG 
fusion proteins. Each is supplied as a 
suspension of agarose beads covalently 
linked to the Anti»FLAG Ml or M2 
Monoclonal Antibody. Their use 
involves flowing the FLAG fusion pro- 
tein preparation through the packed gel 
in a column, v/ashing away contaminat- 
ing proteins and eluting the purified 
FLAG fusion protein v^th an appropriate 
reagent. 

Anti^FIAGMlMnityGel 

Appropriate reagents t6 elute a FLAG 
fusion protein from the Anti«FLAG Ml 
Affinity Gel include: (1) EDTA which 
chelates calcium or (2) CompeHtive elu- 
tion with FLAG peptide. 

Anti^FLAGmMnityGet 

FLAG fusion proteins are eluted from 
the Anti'FLAG M2 Affinity Gel via: (1) 
Competitive elution with FLAG peptide 
or (2) Add elution with glycine at pH 3:0. 
EDTA elution is not useful since the 
Anti«FLAG M2 Monoclonal Antibody 
does not bind to the FLAG marker in a 
caldum dependent fashion. 




Product 



ORDERING INFORMATION 



Catalog » 



Quantity 



Price 



Anti«FLAG M2 Affinity Gel 



IB13020 
IB13021 
IB13022 
1613023 



ImL 
5 mL 
10 mL 
25 mL 



225.00 
475.00 
950.00 
1350.00 



Storage and Stability: 

Supplied in:... PBS/ A (137 mM 

Sodium Chloride, 
3 mM Potassium Chloride, 
1 0 mM Phosphate buffer salts 
at pH 7.4 in 0.2 % azide) 

Storage: +4*'C. Do not freeze. 

Stability: 1 year 



1^ 



TO PLACE AN ORDER, CONTACT YOUR LOCAL DISTRIBUTOR, OR CALL (800) 225-5352 or (716) 5«8-2572 FOR ORDERING INFORMATION 



Protein EXPRESSION, detection and purification systems 



FLAGPRODuas 



FUG Peptide: 

The FLAG octapeptide is a convenient 
and gentle reagent to elute a FLAG fusion 
protein from both the Anti'FLAG Ml 
and M2 Affinity Gels. Proteins may be 
efficiently eluted with a 5-25 fold mole 
excess of the peptide. 










Product 


Catalog « Quantity 


Price 















Storage and Stability: 

Supplied as: .....Lyophillized powder 

Storage: ..; +4°C. Dessicated. 

Stability: 1 year 



Enterokinase: 

A purified preparation of enterokinase 
is provided for the removal of the FLAG 
peptide from N-terminal and Mefamino- 
terminal FLAG fusion proteins. 

Storage and Stability: 

SuppUed as: Lyophillized powder 

Storage: • "^O^'C- 

Stability:....... ...^ Y^ar 



ORDERING INFORIVIATION 




FIAG^BAP Control Proteins: 

The 55 kD, FLAG^BAP Control 
Proteins can be used to assure the func- 
tional integrity of the Anti*FLAG Ml or 
M2 Affinity Gels, the Anti'FLAG Ml and 
M2 Monoclonal Antibodies and enteroki- 
nase. They are also useful controls on 
electrophoresis gels, Western, dot or slot 
blots. 



OROERIWG ItJFORlVlATION 



Product 



Catalog # Quantity Price 

mSm 

™Caioxy-Terr^^^^ <TB1320f) lOOug 95.00 




Storage and Stability: 

Supplied in: 10 mM Tris*HCl, 

120mNNaa 
0.05mMZnCl, 
50% Glycerol at pH 8.0 
Storage:. ......Short term (<3 weeks) -20°C 

Long term (>3 weeks) -70T 
Stability:..: • - ^ Y^^r 



FOR TECHNICAL SUPPORT, CALL (800) 243-2555 or (203) 186-5600 
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